Study of the chemical constituents of the stems of Garcinia schomburgkiana Pierre (Guttiferae), collected in Thailand, led to the isolation and identification of five known compounds and two new biphenyl derivatives, schomburgbiphenyl A (1) and B (2). Six phenolic compounds isolated from this plant were screened for their cell growth inhibition activity using several human leukemia cell lines. One compound, oblongifolin C (7), showed significant cytotoxic activity towards Jurkat, NALM6, K562 and HPB-ALL cells.
The genus Garcinia (Guttiferae), which grows in South East Asia, is a rich source of phenolic compounds such as xanthones, depsidones and polyprenylated benzophenones [1, 2] . These phenolic contents have recently been shown to exhibit a variety of biological activities including anti-oxidative, anti-inflammatory, anti-bacterial, and anti-cancer effects [1, 3] . Xanthones from the pericarp of the tropical fruit mangosteen (G. mangostana Linn.) show cytotoxic activity against several kinds of cancer cells [4] . Furthermore, some depsidones and polyprenylated benzophenones from Garcinia plants exhibit growth inhibition effects against several cancer cell lines [5, 6] . Oblongifolin C (7) , a polyprenylated benzophenone isolated from G. yunnanensis, potently induces apoptosis in HeLa cells by activating Bax [6] . Using a preliminary screening test for antitumor-promoting agents, we identified xanthones [7] , depsidones [8] and polyprenylated benzophenones [9] isolated from Garcinia plants that show potent inhibitory effects on 12-O-tetradecanoylphorbol-13-acetate (TPA)-induced Epstein-Barr virus early antigen (EBV-EA) activation in Raji cells. This paper describes the isolation and structural characterization of two new biphenyl derivatives, schomburgbiphenyl A (1) and B (2), isolated from G. schomburgkiana, and examines the cytotoxic effects of six Garcinia compounds (2-7) on human leukemia cell lines.
An EtOAc extract of stems of G. schomburgkiana was fractionated by silica gel column chromatography and preparative TLC to obtain five known compounds and two new biphenyl derivatives. The two new compounds were named schomburgbiphenyl A (1) and B (2) (Figure 1 ). Schomburgbiphenyl A (1) was obtained as a colorless oil, and its molecular formula was determined to be C 18 H 18 O 4 by HREIMS. UV bands were observed at  max 238, 258 and 286 nm. The IR spectrum showed an absorption band due to a hydroxy group at  max 3353 br cm -1 . The 1 H NMR (acetone-d 6 ) spectrum revealed signals characteristic of a 1,4-disubstituted benzene [ 7.13 (2H, d, J = 8.8 Hz), 6.87 (2H, d, J = 8.8 Hz)], one singlet signal ( 6.44) belonging to a 1,2,3,4,5-pentasubstituted benzene, and one singlet signal arising from a methoxy group at  3.83. The appearance of a pair of doublets at 5.57 and 6.28 (each 1H, J = 9.8 Hz), together with a 6H-singlet at 1.42, indicated the presence of a 2,2-dimethylpyran ring system. In the HMBC experiment (Table 1 ), the C-H longrange correlation from H-6 and H-2" to C-2 indicated the placement of the 2,2-dimethylpyran ring at C-2/C-3. Location of the methoxy group at C-5 was indicated by observation of a NOE between a methoxy at 3.83 and an aromatic singlet proton at 6.44 (H-6). The position of the linkage between the two aromatic rings was established by the C-H long-range correlation from H-6, H-3' and H-5' to C-1'. This was further supported by observation of NOEs between an aromatic doublet proton at 7.13 (H-2', H-6') and an aromatic singlet proton at 6.44 (H-6), and between an aromatic doublet proton at 7.13 (H-2', H-6') and a doublet proton at 6.28 (H-1") on the 2,2-dimethylpyran ring. On the basis of these results, the structure of schomburgbiphenyl A was proposed as 1. Schomburgbiphenyl B (2) was isolated as a colorless oil. The molecular formula C 18 H 20 O 4 was established by HREIMS. The IR spectrum showed an absorption band due to a hydroxy group. The UV spectrum was similar to that of 1. The 1 H NMR (acetone-d 6 ) spectral data of 2 (Table 1) In the HMBC spectrum, the C-H long-range correlations from OCH 3 , H-1" to C-3, from H-2', H-6', and H-1" to C-1, and from H-6, H-3' and H-5' to C-1', indicated the location of the prenyl moiety at C-2, the methoxy group at C-3, and the position of the linkage between the two aromatic rings. In the NOE experiments, irradiation of the methoxy signal at 3.80 caused a 2% increase in the area of the signal at  3.17 (H-1") and a 2% increase in the area of the signal at  5.06 (H-2") on the prenyl moiety. Irradiation of the signal at 3.17 (H-1") caused a 3% increase in the area of the signal at  7.06 (H-2', H-6') on the 1,4-disubstituted benzene. These results indicated that the structure of schomburgbiphenyl B was 2.
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Five known compounds were also isolated and identified by comparison of their physical data with those published. These were oblongifolin C (7), garcinexanthone C (6), nigrolineabiphenyl A (3), nigrolineabiphenyl B (5), and garcibiphenyl C (4) [10] [11] [12] [13] .
The cytotoxic activity of the isolated compounds was investigated on Jurkat, NALM-6, K562 and HPB-ALL cells using the MTT assay. Of these phenolic compounds, oblongifolin C (7) had the most cytotoxic activity against all examined leukemia cell lines (IC 50 : Jurkat 4.90.4, NALM6 3.70.7, K562 7.81.2 and HPB-ALL 5.40.3 M). Xu et al. previously reported that oblongifolin C induced apoptosis in HeLa-C3 cells [6, 14, 15] . However, there are no reports of the biological effects of oblongifolin C on leukemia. Our results show that oblongifolin C could be highly effective in the treatment of leukemia. Although biphenyl compounds (3-5) have only been reported to have anti-bacterial effects [12, 13] , we investigated whether these compounds, including novel compound 2, have cytotoxic effects. Treatment of NALM-6 cells with these compounds at 50 M showed weak cytotoxic activity (cell viability 73~80 %).
Experimental
General: Optical rotations were obtained using a DIP-370 (JASCO) in CHCl 3 at 25C. UV spectra were recorded on a UVIDEC-610C double-beam spectrophotometer (JASCO) in MeOH, and IR spectra on an IR-230 (JASCO) in CHCl 3 . 1 H and 13 C NMR, COSY, HMQC, HMBC (J = 8 Hz) and NOE were measured on a JNM A-600 and/or ECP-500 (JEOL) NMR spectrometer. Chemical shifts are shown in  (ppm) with tetramethylsilane (TMS) as an internal reference. All mass spectra were recorded under EI conditions, unless otherwise stated, using a HX-110 (JEOL) and/or JMS-700 (JEOL) spectrometer with a direct inlet system. Preparative TLC was performed on Kieselgel 60 F 254 (Merck). 
Plant materials: Garcinia schomburgkiana

Extraction and isolation:
The dried stems (515.4 g) of G. schomburgkiana were extracted under reflux with EtOAc, and then the solvent was evaporated under reduced pressure to give the EtOAc extract (11.9 g). This was subjected to silica gel CC. The constituents were successively eluted with n-hexane-acetone (4:1, 3:1, 2:1, 1:1, 1:2), acetone, and MeOH to give 18 fractions. For each fraction, normal phase CC on silica gel and preparative TLC using appropriate combinations of solvents (n-hexane, EtOAc, CHCl 3 , CH 2 Cl 2 , Et 2 O, acetone, iPr 2 O, benzene, and MeOH) resulted in isolation of the following compounds. From fraction 2 (n-hexaneacetone 4:1): oblongifolin C (7, 60.0 mg); from fraction 11 (n-hexane-acetone 2:1): schomburgbiphenyl A (1, 1.2 mg); from fraction 12 (n-hexane-acetone 2:1): schomburgbiphenyl B (2, 5.8 mg), garcinexanthone C (6, 2.5 mg); and from fraction 13 (n-hexane-acetone 1:1): nigrolineabiphenyl A (3, 1.0 mg), nigrolineabiphenyl B (5, 14.5 mg) , and garcibiphenyl C (4, 3.6 mg). Cell lines and culture: Human acute T cell leukemia (Jurkat), B cell precursor leukemia (NALM-6), erythroid leukemia (K562) and T cell leukemia (HPB-ALL) cells obtained from Tohoku University were grown in RPMI 1640 supplemented with 10% heat-inactivated FCS, penicillin at 100 units/mL, streptomycin at 100 g/mL, nonessential amino acids, sodium pyruvate and HEPES under 5% CO 2 at 37C.
Cell viability assays:
Each cell type was seeded onto 96-well plates at a density of 510 4 cells per well. After overnight incubation, cells were treated for 24 h with either one of the isolated 6 compounds or with DMSO as the vehicle control. MTS Reagent (CellTiter 96 Aqueous One Solution Cell Proliferation Assay; Promega, Madison, WI, USA) was added to each well according to the manufacturer's instructions. Absorbance was monitored at 490 nm using a microplate reader (Molecular Devices, Sunnyvale, CA, USA). Cell viability (%) was normalized to the vehicle control. Each experiment was performed in triplicate. IC 50 values were calculated using Softmax Pro6 (Molecular Devices).
